Studies of aphasia treatment have shown that intensive speech-language therapy is associated with significant improvements. However, there is no standard definition of intensity and the simplistic notion that "more is better" is not necessarily supported by the research. First, current evidence regarding intensity and aphasia treatment was briefly summarized. Second, studies that directly compare conditions of higher-and lower-intensity treatment for aphasia were reviewed with regard to the inclusion of parameters that contribute to a definition of intensity. In addition to five parameters proposed by Warren, Fey and Yoder (2007) and highlighted by Baker (2012), total number of sessions was also often documented. The review illustrated the complexity of quantifying the dose of comprehensive treatments that target multiple modalities and utilize a variety of different strategies. Third, data from a study reporting a relationship between intensive computer-based script training and outcomes in aphasia were examined. Results serve to illustrate Baker's contention that intensity alone is insufficient without also considering the active ingredients of the teaching episode. Information about dose, therapeutic inputs, and client acts can lead to better optimization of an intervention.
Introduction
Studies of aphasia treatment have shown that intensive speech-language therapy is associated with significant improvements. Studies have demonstrated the efficacy of Constraint-Induced Language Therapy (CILT), a technique in which massed practice is an integral part of the intervention (Pulvermuller, Neininger, Elbert, Mohr, Rockstroh, Koebbel, & Taub, 2001; ) Other studies supporting the efficacy of intensive aphasia therapy have evaluated a single treatment such as Melodic Intonation Therapy administered at a high intensity (Schlaug, Marchina & Norton, 2008 or comprehensive intensive aphasia programs in which various treatment approaches are individualized to the participant with aphasia (e.g. Code, Torney, Gildea-Howardine, & Willmes, 2010) . Further evidence comes from studies that have compared two treatments given at the same high intensity (e.g. Maher, Kendall, Swearengin, Rodriguez, Leon, Pingel, Holland, & Rothi, 2006; Barthel, Meinzer, Djundja, & Rockstroh, 2008) . However none of these studies determine the contribution of intensity separate from the treatment protocol and optimal intensity has not yet been established for even one type of aphasia treatment. Baker (2012) has argued that establishing the optimal intensity of an intervention is an ambitious goal. Not only do clinicians need to know how often to apply an intervention and for how long, they also need to identify the active ingredients and best forms in which to deliver these ingredients. Baker (2012) discusses the problems of defining intensity and suggests that use of a framework derived from Warren, Fey and Yoder (2007) may be an important first step to defining intensity. This paper focuses on the definition of aphasia treatment intensity. After a brief summary of the state of the evidence, it assesses the utility of this framework by applying it to studies that have evaluated the efficacy of intensive treatment. The paper also examines previously published data from a study reporting the relationship between treatment intensity and outcomes in aphasia (Lee, Kaye & Cherney, 2009 ) to illustrate Baker's point that intensity alone is insufficient without also considering the active ingredients of the teaching episode.
Aphasia Treatment Intensity: State of the Evidence
Cherney and colleagues (Cherney, Patterson, Raymer, Frymark, & Schooling, 2008 Cherney, Patterson & Raymer, 2011) conducted a series of systematic reviews of treatment studies that directly compared conditions of higher-and lower-intensity treatment for aphasia. Twenty-five expanded search terms were used to search 15 electronic data bases as well as specific journals and conference proceedings in the area of aphasia. An initial search from 1990-2006 identified six studies ; a follow-up search from 2007-2011 yielded an additional five studies (Cherney et al., 2010 (Cherney et al., , 2011 . Results were discussed in terms of aphasia chronicity (acute vs chronic) and type of outcome measure (language impairment vs communication activity/participation) described by the International Classification of Functioning, Disability and Health (World Health Organization, 2001) . Language impairment outcomes included standard aphasia tests of word retrieval, auditory comprehension, and repetition whereas communication activity/participation outcomes included measures of functional real-life use of language in connected speech or communication rating scales. Details of these studies including methodological quality and results have been presented previously (Cherney et al., , 2010 (Cherney et al., , 2011 .
Tables 1 and 2 summarize the findings from the 11 studies that span a total of 195 participants with aphasia. Although there is difficulty comparing across studies because of variations in treatment type, dose, and patient characteristics such as aphasia diagnosis and severity, what emerges is that the notion that "more is better" requires "cautious reexamination" (Cherney et al., 2011) .
For individuals with acute aphasia, two randomized controlled trials measure language impairment outcomes, with one favoring more intensive treatment (Denes, Perazzolo, Piani, & Piccione, 1996) and the other showing equivocal findings (Bakheit, Shaw, Barrett, Wood, Carrington, Griffiths et al., 2007) . Differences in the findings may have resulted from differences in the acuity of the aphasia. Participants were more acute in the Bakheit et al. (2007) study where the mean time post onset was approximately one month. In this study, none of the participants randomized to the intensive treatment group received the designated amount of therapy (5 hrs per week for 12 weeks); many refused or were too ill to tolerate the prescribed treatment, especially in the first 4 weeks, suggesting that intensive treatment may not be feasible in the early acute stage. There are no studies of acute aphasia intervention intensity that have included outcomes at the level of activity/participation. For individuals with chronic aphasia, four studies favor intensive treatment. Interestingly, in three of these studies, the intervention approach was comprehensive in that it targeted multiple modalities and utilized a variety of different strategies, typically individualized to the person with aphasia's specific deficits and strengths (Basso & Caporali, 2001; Harnish, Neils-Strunjas, Lamy, & Eliassen, 2008; Hinckley & Craig, 1998) . In the fourth study two different treatments were compared at two different intensities (Pulvermuller et al., 2001) , although participants randomized to the intensive treatment fared better, a clear statement of the effect of intensity alone cannot be made. In contrast, the studies in which results were equivocal (Ramsberger & Marie, 2007; Raymer, Kohen, & Saffell, 2006) or favored the nonintensive group (Sage, Snell, & Lambon, 2011) , utilized a treatment that was more restricted in that it targeted the learning of a specific word list. Differences in the therapy intervention may account for different results across studies.
At the level of communication activity/participation, Hinckley and Carr (2005) found no advantage of intensive treatment over non-intensive treatment for achieving mastery on a catalogue ordering task involving script practice, or in transferring those skills to other environments. In contrast, Lee, Kaye & Cherney (2009) found that amount of treatment per week was significantly correlated with percent change in script content and rate. Furthermore, severity impacted outcomes, illustrating the potential interaction of other variables in the therapeutic process that affect treatment intensity and outcomes.
Dose Parameters in Aphasia Studies
Differences in study outcomes may result partly from lack of a consistent definition of intervention intensity. Particularly intriguing is the suggestion that the concept of intervention intensity comprises five parameters, a notion originally proposed by Warren et al., (2007) and highlighted by Baker (2012) . To ascertain the extent to which this concept could apply to intervention intensity in aphasia treatment, the 11 studies included in the systematic reviews of Cherney et al ( , 2010 Cherney et al ( , 2011 were examined to see which parameters were consistently included in the studies and whether additional parameters were needed.. Table 3 lists each of the studies and the reported dose parameters. Most of the studies reported session duration, session frequency and total intervention duration. However, only three studies reported dose i.e. the number of times a teaching episode containing a unique combination of active ingredients occurs per session. The intervention in each of these studies was a naming treatment where a specific number of words were trained, a sequence of steps to cue responses was carefully delineated, and the number of times that the entire word list would be repeated in a session was specified. For example, Raymer et al. (2006) presented three trials of 20 target words whereas Sage et al. (2011) presented three trials of 30 target words. Since session duration was dependent on the rate at which the participant progressed through the stimuli, this intensity parameter varied and was not always reported.
Several studies provided information about the total number of sessions administered, a parameter not included in the Warren et al., (2007) framework. Total number of sessions may be an additional parameter that should be included in the definition of intervention intensity. It becomes increasingly important when session frequency and intervention duration are not explicitly reported because a cumulative intervention intensity can still be calculated (i.e. total number of sessions x dose). For example, Raymer et al (2006) indicated that the lower intensity schedule was 1-2 times a week, the higher intensity schedule was 3-4 times a week, with each phase of the treatment providing a total of 12 sessions. Since dose was also provided, a cumulative intervention intensity could be calculated.
The studies that did not provide information about dose were studies in which the treatment was more comprehensive, targeting multiple modalities and utilizing a variety of different strategies. These studies illustrate the difficulty of determining dose which is dependent on explicitly identifying a teaching episode for a given intervention in a way that allows an episode to be observed and counted (Warren et al., 2007) . Warren et al. (2007) acknowledge that this is a challenging task especially for treatments that are "multi-faceted". Determining dose is further complicated by the need to identify the active ingredients that make up the teaching episode. Baker (2012) stresses the importance of capturing and quantifying the active ingredients within a teaching episode (i.e., the quantity and quality of the therapeutic inputs and the quality and quantity of the client acts or responses), in order to optimize our speech-language pathology interventions. To this end, data from a study in Table 3 that did not provide information on dose (Lee et al., 2009 ) was reanalyzed to illustrate how information about dose, therapeutic inputs, and client acts can lead to better optimization of an intervention. Table 3 shows that Lee, Kaye & Cherney (2009) reported session frequency, total intervention duration, and total hours of treatment. Although dose was not reported, the study was a computer treatment in which logs of the therapeutic inputs and the participant responses were available. The study is described first followed by presentation and discussion of data from the treatment logs.
Scripting: Examining Dose, Therapeutic Inputs and Client Acts
Participants received computerized conversational script treatment via a software program called AphasiaScripts ™ . The AphasiaScripts ™ program uses a "virtual therapist" or digital agent who guides the participant through the treatment program and also serves as the conversational partner (Cherney, Halper, Holland & Cole, 2008) . For each participant, three personalized scripts were developed, and each was practiced sequentially for three weeks. Therefore, the total intervention duration for each participant was nine weeks.
Each treatment session included three parts: First, participants listened to the entire script of the conversation; second, participants repeatedly practiced each sentence of their part of the conversation; and third, the entire conversation was rehearsed in turn-taking with the "virtual therapist". During the sentence practice, a specific sequence of tasks occurred for each sentence including pointing to each word of the sentence, choral reading of the sentence, and independent reading aloud of the sentence. A component of the sentence practice sequences allows the participants to choose to listen to their choral and independent productions of the sentences.
Participants used the treatment program at home. They were instructed to practice a minimum of 30 minutes a day, 7 days a week. They were also instructed to listen only one time per practice session to the conversation. After that, they should control their own treatment session, self-selecting which parts of the program to practice.
The computer program automatically provided a daily log of the amount of time spent by the participant in each part of the treatment. Figure 1 is an example. For this particular session, KURAI listened to the conversational script three times, spending a total of 2 minutes and 36 seconds on this part of the program. She practiced each of the sentences of the conversation once, which took 29 minutes and 46 seconds. She practiced the whole conversation once, which took 6 minutes, 49 seconds. During the sentence practice, she had 22 opportunities to listen to a recording of her sentence production, but she chose not to listen to any of them.
The computer-generated treatment log for each session also differentiated the amount of time the participant was logged into the program and the amount of time that he or she was actually engaged on a task ("Time on Task"). The participant's active engagement in the treatment task could be measured because he or she was required to push the space bar to advance to the next sentence or part of the program. Any delay in advancing the program was measured as "pause time". According to this log, KURAI was logged in for 40 minutes 14 seconds, with a time on task of 39 minutes 12 seconds. Using the daily logs and the weekly summary of participant treatment time (as illustrated in Figure 2 ), computer generated logs of 10 subjects were examined to answer some questions regarding the relationship between dose and change in performance.
Performance was measured for content and rate. For each script, three baseline recordings of script performance were taken prior to treatment and one recording was taken following the three weeks of treatment on that script. Recordings of script performance were timed and transcribed. They were then scored for content i.e., percent of all words said by the participant that were in the target script; and rate i.e., number of script related words produced per minute. The percent change was calculated as the difference from the mean of the baseline to post treatment over the mean baseline score. The total hours practiced over all nine weeks in relation to the percent change in content and rate has been previously reported. However, the amount of time spent on each part of the treatment program in relation to change is new data. These data are presented in Table 4 .
It was previously reported that all subjects demonstrated some improvement in content and rate except for one subject, FITMA who had the most severe aphasia (WAB AQ 30.5). However, another subject with a similarly severe aphasia (WAB AQ 34.1) demonstrated the greatest amount of improvement of all subjects in both content (increased 235.28%) and rate (increased 425.67%). Table 4 allows a comparison of the times spent by FITMA and PERMA on each part of the AphasiaScripts ™ program. A very different practice pattern emerges. While both participants spent the largest percent of their time on the sentence practice, FITMA also spent a large percent of her time listening to the scripts with little time engaged in conversational practice. In contrast, PERMA spent relatively little time listening to the conversation and more time engaged in conversational practice.
Admittedly, PERMA practiced many more hours than FITMA. Therefore, comparing FITMA's practice pattern to that of others who practiced about the same total number of hours (e.g. KURAI) or fewer hours (e.g. DOWMI) is also revealing. Both KURAI and DOWMI had made large changes in the content and rate of their scripts. Not surprisingly, their distribution of practice hours was similar to PERMA, with less time devoted to listening to the conversation and more time devoted to conversation practice. Again, the largest proportion of time was devoted to the sentence practice. Table 4 shows that only one subject did not devote most of his practice time to sentence practice. SCHBA spent an excessive amount of time with the conversational practice (79.2%) with very little time in the sentence practice part of the program (14.99%). It is noted that after FITMA, SCHBA made the least amount of change -almost negligible change for content and the smallest positive change of all the participants for rate (25.69%).
To rule out variables such as severity of aphasia, a comparison of SCHBA's practice pattern to two other subjects of similar severity is appropriate. WILPA and LUESH practiced fewer hours than SCHBA overall but still made improvements. They spent most of their treatment time with sentence practice (69.08% and 64.90% respectively). Listening to the conversation and conversation practice time was about equally distributed for LUESH (16.35 and 18.75%); distribution for WILPA was 18.17% for listening to the conversation and 12.75% for conversation practice, much less than the 79.20% of time that SCHBA spent on conversation practice.
These data suggest that there may be an optimum combination of the parts of the treatment program that contribute to best outcomes, with most of the treatment time being devoted to sentence practice; of the remaining time, less should be devoted to listening to the conversation and more should be devoted to conversation practice. Excluding the poor responders of FITMA and SCHBA, the mean practice time distribution for the remaining eight subjects is as follows: Listening to conversation is 9.54% (range 3.94 -18.17); sentence practice is 73.37% (range 64.90 -87.05); conversation practice is 17.09% (range 7.03 -23.71). These data indicate that sentence practice is likely the active ingredient of the treatment, and may guide future research to determine optimum dose as well as current clinical applications of AphasiaScripts ™ . Table 5 shows further analysis of FITMA's treatment data. Although she did not show improvement overall when the change data was averaged for all three scripts, she did demonstrate improvement for Script 1. Performance decreased on Script 2 even though it was practiced about the same number of hours as Script 2. Script 3 was practiced for more hours than either Script 1 or 2, with some improvement occurring in content but with decreased rate. Script data in Table 5 includes not only the distribution of time spent with each part of the treatment program, but also the actual number of therapeutic inputs and participant acts (# items practiced).
Comparing Script 1 to the other scripts, many more items were practiced during sentence practice (49 for script 1 compared to 25 and 23 for scripts 2 and 3 respectively). Further analysis shows that FITMA was able to practice more sentences because less time was spent listening to her productions. Out of 259 opportunities, she listened to only 11 of her productions (4.2%), whereas she listened to about 50% of her productions in scripts 2 and 3. These data suggest that for FITMA, the essential teaching episodes occurred during sentence practice, with the actual production of the sentence being the active ingredient.
Conclusion
Determining the optimal intensity of treatment is essential to the design and implementation of any treatment program for aphasia. Currently there is no standard definition of intensity although levels have been artificially created from metaanalyses and retrospective reviews of the prevailing literature. The simplistic notion that "more is better" is not necessarily supported by the evidence. Optimal intensities may vary depending on the type of intervention, and the specific stimuli given and responses required of the participant. Additionally, participant characteristics and environmental variables impact treatment intensity and outcomes, further complicating the determination of optimal treatment intensity.
Baker's (2012) thought-provoking and insightful article on treatment intensity has highlighted many of the issues involved in establishing the optimal intensity of an intervention. Baker asks whether it is possible to define, study and measure speech and language interventions in discrete doses. Having a common definition of intensity by utilizing the parameters suggested by Warren et al., (2007) -perhaps with the addition of total number of treatment sessions -is a first step towards achieving this goal. Quantification of stimuli and responses integral to an intervention and measurement of the essential elements or active ingredients that are necessary to bring about positive change can be accomplished, as illustrated by the data presented on AphasiaScripts ™ . In response to Baker's question, certainly this is a worthy and possible goal for aphasiologists, both researchers and practitioners alike, to strive for. Computer-generated weekly summary Studies of chronic aphasia showing whether results favored intensive or non-intensive treatment or whether they were equivocal + Some studies had several outcomes with some at the impairment level and others at the activity/participation level. Total sessions for each phase = 10 * Aphasia studies were previously identified in Cherney et al., ( , 2010 Cherney et al., ( , 2011 as studies that directly compare conditions of higher-and lower-intensity of treatment.
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